Experimental and theoretical investigation on corrosion inhibition of mild steel (MS) in sulphuric acid by Coccinia indica (CI) leaves extract was studied using mass loss and quantum chemical calculation methods. The inhibition efficiency increased with increase in the concentration of the extract but decreased with rising in temperature and increase in acid strength. Furthermore, the inhibition efficiency synergistically increased on the addition of halide ions. The thermodynamic parameter indicates the spontaneous adsorption of the inhibitor on MS surface. The adsorption of CI on MS surface obeyed Langmuir adsorption isotherm. The individual compounds present in the CI extract were identified by GC-MS. FTIR and optical profiler images confirmed the adsorption of CI on MS surface. Quantum chemical studies confirmed that the MS is protected from corrosion by adsorption of the constituents in CI extract.
INTRODUCTION
Corrosion is an inevitable and unavoidable process but it is controllable with suitable measures. Uses of many inhibitors are banned because of their toxicity and the environmental hazards they create. 1, 2 Hence there is a strive to make use of environmentally friendly, non-toxic /less toxic, extracts of naturally occurring plant materials as corrosion inhibitors. Extracts of plant materials contain a wide variety of organic compounds. In recent years volumes of literature are available on the use of plant extracts as corrosion inhibitors for MS in acidic media and they have attracted the attention due to their extended applications. [3] [4] [5] In the search for a natural plant inhibitor, we tumbled upon Coccinia indica (CI), a climber which is available in plenty. The phytochemical database on it suggests that it contains a large number of phytochemical constituents which can be used as corrosion inhibitors. Hence in the present investigation, a focus has been made to investigate the inhibitive effect of an acid extract of CI leaves on the corrosion of mild steel (MS) in the sulphuric acid medium using mass loss method.
EXPERIMENTAL Materials and Methods
The experiments were performed with MS with the following composition. (Wt %) :C 0.143%, Ni 0.006%, Mo 0.018%, P 0.035%, Si 0.041%, Mn 0.271% and the rest is Fe. The aggressive solution of 1 N H2SO4 was prepared by dilution of AR grade 97% H2SO4with distilled water. Fresh CI leaves were picked and then cleaned with tap water to eliminate ash and mud, dried in shade and then ground to powder.
Preparation of Extract
The acid extract was prepared by refluxing 10 g of dried and milled CI leaves in 500 ml of 1 N H2SO4 for three hours and kept overnight for cooling. It was then filtered and the filtrate was stored in a standard flask. The desired concentrations of the inhibitor were prepared by diluting the above stock solution with distilled water. The concentration range of CI used was 0.2-1.4 (% v/v).
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GC-MS Analysis
GC-MS analyses were performed using Instant SHIMADZU GC/MS QP2010 gas chromatographer coupled to a mass spectrometer with highly purified helium as the carrier gas. All the constituents present in the sample were identified in scan mode and quantified in selected ion monitoring (SIM) mode with their characteristic ions by internal standard calibration. Identification of constituents present in CI was done by using Wiley 8th and NIST 08 libraries.
Mass Loss Measurement
The MS sheet was cut into small pieces of dimensions 1 x 5 x 0.15 cm and were abraded with a series of emery papers, washed with distilled water, degreased with acetone and dried. After weighing accurately specimens in triplicate were immersed in the test solutions for specified periods of immersion in the absence and presence of CI. After a quantified interval of time, the specimens were removed, rinsed with water, dried in the warm air then stored in a desiccator and then reweighed to determine the weight loss. The percentage inhibition efficiency (% IE), corrosion rate (CR) and surface coverage (θ) were calculated.
FTIR
Fourier transform infrared (FTIR) spectra were recorded in Instant SHIMADZU model-IRAFFINITY-1, using the KBr disk technique.
Surface Analysis
The specimens used for surface morphology examination were immersed in 1 N H2SO4 in the absence and presence of CI at 27°C for 6 hours. The analysis was performed using Zeta-200 optical profiler.
Quantum Chemical Calculations
The individual compounds present in the CI extract were identified by GC-MS and also retrieved through the survey of the literature. Theoretical calculations and parameters were generated using MOPAC 2007.The structures were first optimized and the simulations are conducted to calculate the electronic parameters. FMO may be used to identify the adsorption centers of the inhibitor molecule. They have also been proved to be a very powerful tool for studying inhibition of the corrosion of metals. 6 The Quantum chemical calculations were done using Semi-empirical method -Parameterized Model 3 (PM3). 7 The following quantum chemical parameters were considered: the energies of highest occupied molecular orbital (EHOMO), the lowest unoccupied molecular orbital (ELUMO) and the energy gap (∆E).
RESULTS AND DISCUSSION

Components Identification
Phytochemical analysis of CI extract shows that it contains rich naturally synthesized biodegradable organic compounds. Lupeol (LP), β-Sitosterol (BS), and Stigma-7-en-3-one (SO) have also been isolated. Relative amounts of individual components were calculated on the basis of their GC peak. The analysis of chromatogram shows that there are 24 individual components and of which the following 4 are prominent. Hexadecanoic acid methyl ester (HM), Lupeol, β-Sitosterol and Stigma-7-en-3-one. Table-1 shows the %IE and CR for CI in 1N H2SO4 at room temperature. From the table, it is clear that the concentration of the inhibitor increase, the corrosion rate decrease and the % IE increase. This indicates that the inhibitor molecules get adsorbed on the metal surface and prevent the further corrosion. The immersion time is another important parameter which ascertains the inhibitive effect of the inhibitor on standing. In the present study, the effect of immersion time (1-6 h) on corrosion inhibition of CI in 1 N H2SO4 at room temperature was investigated using mass loss method. From the Table-1 it is clear that as the immersion time is increased from 1-6h, the %IE values noted at all concentrations of an extract of CI increase up to 6h after that they remain flat. Similarly, the increasing acid strength from 1-4N resulted CORROSION INHIBITION OF MILD STEEL S. Jyothi and K. Rathidevi in decreasing % IE. This is due to the aggressiveness of the acid. As the concentration of the acid increases, the CR also increases in both inhibited and uninhibited acid. The corrosion rates are observed to be lower in the inhibiting solutions containing extracts-halide ions combination than that of the extract alone. To study the influence of halide ions on the corrosion inhibition characteristics of an extract of CI leaves in 1N H2SO4, 1 ppm of KCl, KBr and KI were added to the test solution. The extract of CI leaves was kept at 1.4% (v/v). The result obtained in the present study clearly shows that the inhibition efficiency of the CI was greatly enhanced by the addition of halide ions and could be ascribed to a synergistic effect. The results revealed that the synergistic effect is more pronounced in the presence of I -than Br -than Cl -. The greater influence of the iodide ion is often attributed to its large ionic radius, high hydrophobicity, and low electronegativity, compared to the other halide ions. 
Mass Loss Measurements
Effect of Temperature
To find out the effect of temperature on the % IE and CR, mass loss experiments were carried out by varying the temperature from 303-333K in the absence and presence of varying concentrations of the extract of CI leaves for an immersion period of one hour and the results obtained are given in the Table-2. As the temperature increases from 303-333K, the corrosion rate is increased and the inhibition efficiency of the inhibitor is decreased. This might be due to the fact that increase of temperature affect the rate of adsorption / desorption ratio and the rate of desorption could have been faster than the rate of adsorption, leading to the decrease in inhibition efficiency with temperature. 9 The decrease in % IE with increase in temperature generally increases the activation energy of the corrosion process in the presence of the inhibitor. 10, 11 It is also clear from the results that the % IE decreases with increase in temperature. Temperature studies help in the calculation of thermodynamic parameters like the free energy of adsorption (∆Gads), enthalpy of adsorption (∆Hads) and entropy of adsorption (∆Sads). Results obtained indicate that the values of ∆Gads are negative in all the cases indicating that both extracts of CI leaves are strongly adsorbed on the metal surface. The negative values also indicate the stability of adsorbed layer and the spontaneous adsorption of the inhibitor molecules on the MS surface. In the present study the negative value of ∆Hads indicates that the adsorption of components of the extracts undergo an exothermic process. 10 ∆Sads values are positive; this behaviour might be explained in the following way: Before the adsorption of inhibitor molecules onto steel surface, inhibitor molecules can randomly move in the bulk solution, however, with the progress of adsorption, inhibitor molecules are orderly adsorbed onto steel surface.
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Adsorption Isotherm
Adsorption isotherms are very important in understanding the mechanism of inhibition of corrosion reactions. The most frequently used adsorption isotherms are Langmuir, Temkin, Freundlich, Frumkin, Flory Huggins, Bockris-Swinkel and El-Awardy isotherms.It has been found that the data fit well with the Langmuir adsorption isotherm with correlation coefficient nearing unity.
FTIR
FTIR spectra were used to determine the functional groups in the plant extract and analyze the corrosion protective film formed on the MS surface. The comparison of FTIR spectra of CI extract (Fig.-1a) and the adsorption product between the extract and scrapped powder (Fig.-1b) have undergone significant shifts in the FTIR absorption bands for various groups. The following frequency shifts are observed for the CI extract and the solid adsorption product, viz 3543.12 to 3111.50 cm −1 (-OH stretching), 1621.82 to 1633.12 cm −1 (-C=O stretching), 1575 to 1549 cm −1 (C=C). The above shifts in absorption bands reveal the adsorption of different components of the CI extract on the MS surface. The band at 550-800 cm -1 only found in the scratched coupon probably originates mainly from γ Fe2O3 .Thus, the surface analysis using FTIR reveals that functional groups like -OH, -COOH, N-H, C=N, C=O, present in the organic constituents of CI Extract are involved in adsorption on MS via hydrogen bonding and/or weak Van der Waals forces. 12 Hence, the FTIR spectra studies reveal the interaction of the inhibitor on the MS surface for adsorption in corrosion protection. 
Surface Analysis
Surface analysis of MS was studied by optical profilometry after 24 h immersion in 1 N H2SO4 both in the absence and the presence of CI extract. Figure-2a represents the micrograph obtained for polished MS without being exposed to the corrosive environment. The corroded metal surface with etched grain boundaries is clearly seen in blank H2SO4 in Fig.-2b due to the direct attack of aggressive acids. The micrographs of MS in the presence of CI in 1 N H2SO4 is given in Fig.-2c . From these figures, it is clearly evident that a protective film of phytochemical constituents is formed on the surface of MS. This film is responsible for corrosion protection.
Quantum Chemical Calculation
A theoretical investigation based on quantum chemical calculations is proposed as a powerful tool for predicting a number of molecular parameters directly related to the corrosion inhibiting property of any chemical compound. 13, 14 Quantum chemical calculations are utilized to ascertain whether there is a clear relationship between the molecular structures of the inhibitor and its inhibition effect. In the present work, the structural parameters and adsorptive performance of the major constituents of CI such as Lupeol (LP), β-Sitosterol (BS), Stigma-7-en-3-one (SO) and Hexadecanoic acid methyl ester (HM)were used to elucidate the inhibition mechanism. The output of MOPAC program report values is listed in Table-3 . The optimized structures, HOMO and LUMO structures of the studied compounds are given in Fig.-3 . Frontier molecular orbital theory is useful in predicting adsorption centers of the inhibitor molecules responsible for the interaction with a surface metal atom. 15 Moreover, the gap between the LUMO and CORROSION INHIBITION OF MILD STEEL S. Jyothi and K. Rathidevi HOMO energy level of the molecules is another important factor that should be considered. It is well established in the literature that the higher the HOMO energy of the inhibitor, the greater is the tendency for the donation of electrons to an unoccupied orbital of the metal, and the higher the corrosion inhibition efficiency. In addition, the lower the LUMO energy, the easier the acceptance of electrons from metal surface thus as the LUMO-HOMO energy gap is decreased, the efficiency of inhibitor is improved. The value of EHOMO, ELUMO and ∆E of SO indicates the better inhibition efficiency. A molecule with a low energy gap is more polarizable and is generally associated with the high chemical activity and low kinetic stability and is termed as a soft molecule. In our study, the trend for the (∆E) values follow the order SO < LP < HM < BS, which suggests that SO has the highest reactivity in comparison to the other compounds and would therefore likely interact strongly with the metal surface. Thus quantum chemical calculations are useful in pinpointing the fact that SO is most efficient over others.
CONCLUSION
The CI extract acts as good and efficient corrosion inhibitor for MS in 1 N H2SO4. The inhibition efficiency values increase with increasing CI concentrations, time and in the presence of halide ions and decrease with temperature. The adsorption of CI on MS surface obeys Langmuir adsorption isotherm. FTIR spectroscopic studies reveal that the phytochemical constituents of the CI extract are adsorbed on the surface of MS resulting in the shift of characteristic adsorption frequencies of the functional groups. Optical profiler studies show a significant improvement in surface morphology in the presence of CI extract in acidic media. Quantum chemical parameters such as HOMO-LUMO energy gap were carried out by DFT which indicates the presence of Stigma-7-en-3-one form a uniform film over the MS surface, which effectively protects from the corrosion.
